TITLE OF THE INVENTION 

EXPOSURE DEVICE 

BACKGROUND OF THE INVENTION 

The present invention relates to an exposure 
device incorporated into an image forming apparatus, 
such as a copier and printer, and, in particular, to 
a structure for adjusting the tilt of an exposure 
device relative to a photosensitive drum. 

An image forming apparatus, such as a copier or 
printer, includes an exposure device for scanning, with 
exposure light, the surface of a photosensitive drum to 
form an electrostatic latent image on the drum surface. 
The exposure device includes a laser beam source for 
emitting a laser beam based on image data and a polygon 
mirror for deflecting the laser beam toward a main 
scanning direction to allow the drum surface to be 
scanned with the exposure light. That is, the laser 
beam is deflected toward the main scanning direction 
by rotating the polygon mirror and the electrostatic 
latent image based on the image data is formed on the 
drum surface by rotating the photosensitive drum in 
a sub-scanning direction. 

In order to prevent a tilt from being produced 
on the electrostatic latent image formed on the drum 
surface, the tilt of the exposure device relative to 
the photosensitive drum is adjusted on shipment and 
installation of the device. In this case, in order to 
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make a narrower linear exposure light spot which is 
formed on the drum surface by the laser beam scanned 
toward the main scanning direction parallel to the 
rotation shaft of the photosensitive drum, the exposure 
5 device as a whole is rotated about a predetermined 

rotation shaft. 

If, in this way, the exposure device is rotated, 
it is possible to correct the tilt of the exposure 
light spot formed on the drum surface. However, the 

10 scanning start position corresponding to the end of 

the exposure light spot is also displaced toward the 
rotation shaft direction of the photosensitive drum, 
presenting a problem. 

BRIEF SUMMARY OF THE INVENTION 

15 The present invention is achieved with the above 

in view and the object of the present invention is to 
provide an exposure device which can correct the tilt 
of a narrower linear exposure light spot relative to 
a photosensitive drum without displacing, toward a main 

20 scanning direction, the linear exposure spot formed on 

the drum surface by the scanning of a laser beam. 

In order to achieve the object of the present 
invention, an exposure device of the prevent invention 
comprises a light emitting section which emit a laser 

25 beam based on an image signal; a deflecting/scanning 

section which deflect the laser beam emitted from the 
light emitting section toward a main scanning direction 
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and scanning, with the exposure light, an image carrier 
moved in a sub-scanning direction to form a latent 
image on the image carrier; an optical member which 
conduct the laser beam deflected by the deflecting/ 
5 scanning section to the image carrier; and a rotation 

shaft located on an axis passing through a narrower 
linear exposure light spot illuminated on the image 
carrier by the laser beam conducted through the optical 
member, wherein the tilt of the exposure light spot 

10 relative to the image carrier is corrected by rotating 

the device about the rotation shaft. 

Further, an image forming apparatus of the present 
invention comprises an image carrier moved in a sub- 
scanning direction; an exposure device which scan, with 

15 the exposure light, the image carrier along a main 

scanning direction to form a latent image on the image 
carrier; a developing unit which supply a toner to the 
latent image to effect development; a transfer unit 
which transfer a resultant toner image to a sheet; and 

20 a fixing device which fix the transferred toner image 

to the sheet, wherein the exposure device comprises 
a light emitting section which emit a laser beam based 
on an image signal; a deflecting/scanning section which 
deflect the laser beam emitted from the light emitting 

25 section toward the main scanning direction and 

scanning, with the exposure light, the image carrier to 
form a latent image on the image carrier; an optical 
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member which conduct the laser beam defected by the 
deflecting/scanning section to the image carrier; and 
a rotation shaft located on an axis passing through 
a narrower linear exposure light spot illuminated on 
5 the image carrier by the laser beam conducted through 

the optical member, wherein the tilt of the exposure 
light spot relative to the image carrier is corrected 
by rotating the device about the ration shaft. 

Additional objects and advantages of the invention 
10 will be set forth in the description which follows, and 

in part will be obvious from the description, or may be 
learned by practice of the invention. The objects and 
advantages of the invention may be realized and 
obtained by means of the instrumentalities and 
15 combinations particularly pointed out hereinafter. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING 
FIG, 1 is a diagrammatic view showing a digital 
copier according to an embodiment of the present 
invention; 

20 FIG. 2 is a front view showing an exposure device 

incorporated into the copier in FIG. 1; 

FIG* 3 is a plan view showing the exposure device 
in FIG. 2; 

FIG. 4 is a plan view showing a light emitting 
25 unit incorporated into the exposure device in FIG. 3; 

FIG. 5 is a back view of the light emitting unit 
of FIG. 4 as viewed from its back end side; 
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FIG . 6 is a view for explaining an example of 
an operation of correcting the tile of an exposure 
light spot on a drum surface by rotating the exposure 
device in FIG. 2; 
5 FIG. 7 is a view for explaining an amount of 

displacement of a scanning start position of an 
exposure light spot when a rotation shaft of the 
exposure device is set away from the exposure light 
spot; and 

10 FIG. 8 is a view for explaining an amount of 

displacement of a scanning start position of an 
exposure light spot when the rotation shaft of the 
exposure device is set on an axis passing through 
the exposure light spot* 

15 DETAILED DESCRIPTION OF THE INVENTION 

An embodiment of the present invention will be 
described in more detail below with reference to the 
accompanying drawing . 

FIG. 1 is a diagrammatic view showing a structure 

20 of a digital copier (hereinafter referred to simply as 

a copier) as an image forming apparatus of the present 
invention. 

The copier has a scanner 2 for reading out 
a document image and outputting an image signal. 
25 A photosensitive drum 3 is provided below the scanner 2 

and serves as an image carrier. Around the photo- 
sensitive drum 3 are provided a charger 4, an exposure 
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device 1, developing unit 5, a transfer charger 6 
(transfer unit), a separating charger 7, cleaner 8 and 
discharger 9, A fixing device 10 is provided on a left 
side of the photosensitive drum 3 in a spaced-apart 
5 position as viewed from FIG, 1. 

The exposure device 1 emits a laser beam based on 
an image signal read out by the scanner 2 and scans, 
with exposure light, the surface of the photosensitive 
drum 3 rotating in a predetermined direction. The 

10 developing unit 5 supplies a toner onto an electro- 

static latent image formed on the surface of the drum 3 
with the exposure light and, by doing so, makes the 
latent image visible as a toner image. The transfer 
charger 6 transfers the toner image which is formed on 

15 the drum surface to a sheet, not shown. The separating 

charger 7 separates a toner image-transferred sheet 
from the drum surface. The cleaner 8 eliminates that 
toner left on the drum surface and the discharger 9 
eliminates a residual electric charge on the drum 

20 surface. The fixing device 10 allows the sheet with 

the toner image transferred thereto to pass between 
a pair of rollers set in pressure contact with each 
other under the application of heat and, by doing so, 
the toner image on the sheet to be thermally fused and 

25 fixed to the sheet. 

Now an explanation will be made in more detail 
about the above-mentioned exposure device 1 by 


referring to FIGS . 2 to 5. 

As shown in FIGS . 2 and 3, the exposure device 1 
has a housing 11 constituting an outer shell of the 
device. At those predetermined positions located 
within the housing 11, a light emitting unit 12, 
a cylindrical lens 17, a polygon mirror 13, two f 8 
lenses 14 and 15, and a mirror 16 are arranged in 
a mutually, highly accurate positional relation. 
The light emitting unit 12 functions as a light 
emitting section of the present invention, the polygon 
mirror 13 functions as a deflecting/scanning section of 
the present invention, the f 0 lenses 14, 15 and the 
mirror 16 function as optical members of the present 
invention. 

As shown in FIGS. 4 and 5, the light emitting unit 
12 has a semiconductor laser element 121, a shaping 
lens 122 and a lens stop 12 6. The semiconductor laser 
element 121 emits a laser beam 21 (see FIG. 3) based 
on an image signal. The shaping lens 122 has a finite 
focal point lens and collimator lens which shape 
a cross-section of a laser beam. The stop 126 has 
an aperture for allowing the laser beam to pass through 
and its cross-section to be shaped. The shaping lens 
122 is retained by a lens holder 123 made of a metal 
such as die-cast aluminum or plastic, such as 
polycarbonate. The semiconductor laser element 121 is 
retained by an LD holder 124 and fixed by screws 125 to 
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the lens holder 123. 

A laser beam 21 emitted from the light emitting 
unit 12 is incident on the polygon mirror 13 through 
the cylindrical lens 17. The laser beam 21 reflected 
5 on the polygon mirror 13 is defected toward a main 

scanning direction through the rotation of the polygon 
mirror 13 and, after passing through the two f 0 lenses 
14 and 15, reflected by the mirror 16 and directed 
onto the surface of the photosensitive drum 3 for 

10 illumination. At this time, an exposure light spot 

on the drum surface provides a narrower linear beam 
configuration extending toward the direction of a 
rotation shaft of the photosensitive drum 3, that is 
toward the main scanning direction. Further, by the 

15 rotation of the photosensitive drum 3 in a sub-scanning 

direction, an electrostatic latent image is formed 
on the surface of the drum. It is to be noted that 
the two f 0 lenses 14 and 15 have the function of 
correcting a variation in the tilt of each reflection 

20 face of the polygon mirror 13. 

Incidentally, the above-mentioned exposure device 
1 is such that, in order to eliminate the tilt of an 
electrostatic latent image formed on the drum surface, 
the device has its mounting position adjusted upon 

25 shipment and installation of a copier by rotating the 

device about a predetermined rotation shaft together 
with its housing 11. At this time, the exposure device 
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has its mounting position so adjusted as to allow 
a narrower linear exposure light spot which is 
illuminated by the laser beam on the surface of the 
drum to be made parallel to a rotation shaft of the 
5 photosensitive drum 3. 

When the tilt of the exposure light spot was 
corrected by rotating the exposure device 1 as set out 
above, then the scanning start position corresponding 
to the end of the exposure light spot was also 

10 displaced toward the main scanning direction, thus 

presenting a problem. If the scanning start position 
of the laser beam is thus displaced, there also occurs 
a displacement in the electrostatic latent image formed 
on the drum surface and finally a displacement on 

15 an image outputted on to a sheet. 

According to the present invention, therefore, the 
rotation shaft of the exposure device 1 is located on 
an axis passing through the exposure light spot formed 
on the drum surface and, by doing so, any displacement 

2 0 of the exposure light spot toward the main scanning 

direction is suppressed to a minimal extent. That is, 
as shown in FIG. 2, a dowel 22 projecting from the 
bottom of the housing 11 of the exposure device 1 is 
formed just above an axis R passing through the 

25 exposure light spot S on the drum surface and an 

associated hole, not shown, rotatably receiving the 
dowel 22 is formed on a frame side, not shown, of the 
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copier . 

With reference to FIG. 6, consideration will be 
given below to the displacement of an exposure light 
spot toward the main scanning direction in the case 
5 where the rotation shaft of the exposure device 1 is 

provided at any given position. 

Here, it is assumed that the mounting angle of the 
exposure device 1 is so adjusted that, by rotating the 
exposure device 1 about a given rotation shaft 0 from 

10 a state in which an exposure light spot S formed on 

the drum surface is tilted by an angle 0 with respect 
to the rotation shaft of the drum 3, a "corrected" 
exposure light spot S f is made parallel to the rotation 
shaft of the photosensitive drum. 

15 In this case, an amount of displacement, Y, along 

the main scanning direction between a scanning start 
position Sa at the end of an "uncorrected" tilted 
exposure light spot S and a scanning start position Sa T 
at the end of a "corrected" exposure light spot S T is 

20 given by 

Y = D sinfl + L (cos 6 - 1) 
In the equation above, D represents a distance from 
an axis of the rotation shaft 0 to the exposure light 
point S (S f ) and L represents a distance from a middle 

25 of the exposure light spot S (S ! ) along the main 

scanning direction to the scanning start position. 
The distance D at which the amount of 
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displacement , Y, is made minimal becomes 0, That is, 
it is found that, by locating the rotation shaft of the 
exposure device 1 on the axis passing through the 
exposure light spot S formed on the drum surface to 
5 make, zero, the distance between the exposure light 

sport S and the rotation shaft 0, it is possible to 
suppress, to a minimal value, the amount of displace- 
ment, Y, of the scanning start position along the main 
scanning direction after the tilt of the exposure light 

10 spot S has been corrected. 

Where, for example, the rotation shaft 0 is 
located at a position illustrated in FIG . 7, that is, 
at a position spaced apart by a distance D of 50 mm 
relative to the exposure light spot S, it follows that, 

15 if the tilt of the exposure light spot S corresponding 

to an angle 0 = arctan 0.01 = 0.57 deg is corrected by 
rotating the exposure device 1, the scanning start 
position of the exposure light spot S is displaced 
toward the main scanning direction by an amount of Y = 

20 0.49 mm. In contrast, where, according to the 

embodiment shown in FIG. 8, the rotation shaft O, that 
is, the dowel 22, is located on an axis passing through 
the exposure light sport S, it follows that, even if 
the tilt of the exposure light spot S corresponding to 

25 the same angle 8 = arctan 0.01 = 0.57 deg as set out 

above is corrected, the amount of displacement, Y, of 
the scanning start position becomes 0.007 mm and there 


is almost no displacement along the main scanning 
direction. 

As set out above, according to the present 
invention, the dowel 22 (rotation shaft) projecting 
from the bottom of the housing 11 of the exposure 
device 1 was located on the axis passing through the 
exposure light spot S formed on the surface of the 
photosensitive drum 3 by the scanning of the laser 
beam. By such a simpler structure, it is possible to 
suppress, to a minimal extent, any displacement of the 
scanning start position of the exposure light spot in 
the main scanning direction when the exposure device 1 
is rotated so as to correct the tilt of the exposure 
light spot, and it is not necessary to adjust the 
exposure light spot in the main scanning direction. 

Additional advantages and modifications will 
readily occur to those skilled in the art. Therefore, 
the invention in its broader aspects is not limited to 
the specific details and representative embodiments 
shown and described herein. Accordingly, various 
modifications may be made without departing from the 
spirit or scope of the general inventive concept as 
defined by the appended claims and their equivalents. 

Although, in the above-mentioned embodiment for 
example, the dowel 22 is so provided as to project from 
the bottom of the housing 11 of the exposure device 1 
and the associated hole is so provided on the frame 


side of the copier as to rotatably receive the dowel 

22, the present invention is not restricted to such 

a rotation structure. The rotation structure of 

the exposure device 1 may take any given form. 

For example, it may be possible to provide a dowel on 

the frame side of the copier and an associated hole on 

the housing 11 side of the exposure device. 


